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ABSTRACT 
Context:  An estimated 15 million neonates are born preterm annually. However, in low-and-
middle-income countries (LMIC), the dating of pregnancy is frequently unreliable or unknown.   
Objective:  To conduct a systematic literature review and meta-analysis to determine the 
diagnostic accuracy of neonatal assessments to estimate gestational age (GA). 
Data Sources: PubMed, EMBASE, Cochrane, Web of Science, POPLINE, and WHO Global 
Health Library databases.  
Study Selection: Studies of live-born infants comparing individual clinical signs or neonatal 
scores/assessments for GA estimation with a reference standard. 
Data Extraction: Two independent reviewers extracted data on study population, design, bias, 
reference standard, test method, agreement, validity, correlation, and inter-rater reliability.   
Results:  4,956 studies were screened; 78 were included. We identified 19 newborn assessments 
for GA estimation (ranging 4-23 signs).  Compared to ultrasound, the Dubowitz score dated 95% 
of pregnancies within ±2.6 weeks (n=7 studies), while the Ballard score overestimated GA (0.4 
weeks), and dated pregnancies within ±3.8 weeks (n=9).  Compared to last menstrual period, 
imprecision was greater [Dubowitz ± 2.9 weeks (n=6), Ballard ±4.2 weeks (n=5)].  Assessments 
with fewer signs tended to be less accurate.  A few studies showed a tendency to overestimate 
GA in preterm infants and underestimate GA in growth-restricted infants.   
Limitations: Poor study quality and few studies with an early ultrasound based reference. 
Conclusions:   Efforts in LMIC should focus on improving dating in pregnancy through 
ultrasound and improving validity in growth-restricted populations. In settings where ultrasound 
is not possible, increased efforts are needed to develop simpler, yet specific, approaches for 
newborn assessment, through new combinations of existing parameters, new signs, or technology. 
PROSPERO Registration Number: CRD42015020499 
 
 
 
 
Key Words: Gestational Age, Maturity, Preterm Birth, Small for Gestational Age, IUGR, 
Neonatal Assessment, Dubowitz, Ballard, Diagnostic Accuracy 
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INTRODUCTION 
Of the estimated 14.9 million annual preterm births, 13.6 million (91%) occur in low-
middle income countries (LMIC), defined by the World Bank as GNI per capita less than 
$12,475.
1,2
   Preterm birth is the leading cause of under-5 child mortality globally, accounting for 
1 million neonatal deaths annually, almost all occurring in LMIC.
3
 In these settings, early 
recognition of the preterm infant may help the timely delivery of potentially life-saving 
interventions for the newborn, such continuous positive airway pressure or kangaroo mother care. 
 Ultrasound dating in early pregnancy is the most accurate method currently available to 
assess gestational age (GA), and is standard of care in high-income countries.  In LMIC, 
pregnancy dating is challenging, and the GA of the infant is frequently unknown or inaccurate, 
due to several factors.  Maternal recall of last menstrual period (LMP) is often unavailable or 
unreliable, particularly in populations with high rates of maternal illiteracy.
4,5
 The shortage of 
health care providers in LMIC— currently estimated at 7.9 million6— contributes to the low 
coverage of antenatal care in these regions, especially for women in rural areas and the lowest 
income groups.  In 2015, in sub-Saharan Africa and Southeast Asia, fewer than one third of 
mothers in the poorest household quintile received at least one antenatal care visit.
7
 Furthermore, 
the time to first presentation to antenatal care is late, occurring, on average, at 5 months 
gestation.
8-11
 Access to ultrasonography is low in LMIC, with fewer than 7% of pregnant women 
having access to ultrasound in sub-Saharan Africa.
4
 Traditionally, sonography in late pregnancy 
is inaccurate for determining gestational age (±3-4 weeks).
12,13
   
Clinical assessment of newborn maturity after birth has long been used as a proxy to 
estimate gestational age in the newborn.  In 1966, Farr et al. described and defined a 
classification system for the development of a range of external physical characteristics.
14
 In 
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1968, Amiel Tison described the maturation of the neonatal neurologic assessment.
15
 Lily and 
Victor Dubowitz developed a scoring system for gestational age in 1970 based on 10 neurologic 
and 11 physical signs. The Dubowitz exam dated pregnancies within 5 days of last menstrual 
period (LMP) in their original study.
16
 Since then, numerous simplified clinical assessments have 
been described in the literature.
17-20
 The Ballard exam is one of the most commonly used.  It is a 
simplified scoring system comprised of 11 signs
21
 that was revised to the New Ballard 
assessment in 1991 to improve accuracy for early preterm infants.
22
 
 Clinical newborn assessment for GA dating has become less relevant in high-income 
settings, where coverage of early pregnancy ultrasound is high and uncertainty of pregnancy 
dating is less common than in LMICs. However, in LMICs, GA is frequently unknown, and 
furthermore, challenging to estimate when fetal growth restriction is prevalent.  Accurate GA is 
required to identify babies that are preterm and small for gestational age, and provide them with 
effective interventions.  The Every Newborn Action plan, launched in 2014, seeks to end 
preventable neonatal deaths and stillbirths by 2030.
23
 Its measurement improvement roadmap
24
 
has identified improved GA measurement as a high-priority area to improve the epidemiology of 
preterm birth and small-for-gestational age, and to improve comparability of neonatal mortality 
estimates through stratification of neonatal deaths by GA and birthweight.  In settings without 
widespread access to early ultrasound scan dating and where the accuracy of recalled LMPs is 
highly variable, clinical assessment of the newborn remains the commonest available tool to 
assess GA. 
The aim of this systematic review is to: 1) identify individual neonatal signs and 
combined clinical scores or assessments that have been used to ascertain GA of the newborn, and 
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2) to assess the diagnostic accuracy and reliability of these methods to estimate GA compared to 
standard dating using a reference standard (ultrasound or LMP). 
  
METHODS 
Search Strategy 
We conducted a systematic review of the published and grey literature, which was initially done 
in March 2015 and updated in June 2016 (Figure 1).  The review was registered with the 
International prospective register of systematic reviews (PROSPERO CRD42015020499). The 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement is 
available in Web Appendix 1. Databases searched included PubMed, EMBASE, Cochrane, Web 
of Science, POPLINE, and the WHO Global Health Libraries/regional databases (LILACS, 
IMEMRO, AIM) (Review protocol, Web Appendix 2).  The detailed search terms and strategy 
are in Web Appendix 3.  
Inclusion Criteria 
There were no language restrictions. Abstracts of non-English articles were translated via Google 
Translate to determine eligibility, and if eligible, the full text was translated to English by fluent 
speakers. Articles were considered for inclusion if the study: 1) included live-born neonates, 2) 
compared at least two methods of GA estimation, one of which was a neonatal clinical 
assessment/scoring method or individual clinical physical signs (i.e. anterior vascularity of the 
lens, inter-mammillary distance, skin impedance, palmar creases), and 3) reported at least one 
statistic assessing correlation, agreement or validity of GA estimation.  Prenatal assessments (i.e. 
symphysis fundal height, ultrasound) and neonatal anthropometrics (i.e. foot length) were 
reviewed separately and will be reported elsewhere. 
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Exclusion Criteria 
We excluded studies that did not provide data informing the correlation, agreement or validity of 
the neonatal clinical assessment compared to a reference method of pregnancy dating (i.e. 
ultrasound or LMP).  We excluded studies from specialized sub-populations (e.g. infants of 
diabetic mothers), individual case reports and duplicate studies.  
 
Data Extraction 
All articles were reviewed independently by two researchers and extracted into a standard Excel 
file. Any differences were resolved by a third independent reviewer. Data were extracted on the 
following study characteristics:  population characteristics, study setting, study design, patient 
recruitment, reference standard method, test method, GA distribution, and statistics regarding 
agreement, validity, correlation, or inter-rater reliability.  A full list of variables that were 
extracted is in Web Appendix 4.    
 
Study Quality Assessment 
Two independent reviewers assessed and graded the methodological quality of the studies of 
diagnostic accuracy per the Cochrane Diagnostic Test Accuracy working group 
recommendations using the QUADAS-2 (Quality Assessment of Diagnostic-Accuracy Studies – 
2)
25
 tool, which was modified to fit the context of this review (Web Appendix 2, Section 5).  Any 
differences were resolved by joint review of the studies. Individual studies were evaluated for 
limitations and biases in the following domains: patient selection, test method, reference standard, 
and patient flow and timing.  Studies were graded of highest quality for those which had a 
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reference standard GA of ultrasonography or best obstetric estimate (BOE) (including ultrasound 
confirmation of dating).  While LMP may be considered “gold standard” in high-resource 
settings, where rates of early booking and literacy are high; in LMIC, LMP recall is less reliable 
due to low rates of literacy and late presentation for antenatal care.
13,26
 We also assessed the 
generalizability of study results to LMIC.  
Statistical Analysis  
Stata 13 (StataCorp, College Station Texas) and R (R Foundation for Statistical Computing, 
Vienna, Austria) were used for analyses. The definition of a preterm birth was a live birth at <37 
weeks of gestation. Studies were grouped by method of newborn assessment and reference 
standard.  Simple descriptive statistics were used to report ranges and medians.  The mean 
individual level differences between two methods of GA assessment were pooled using the 
metan package in Stata 13, which provided the pooled mean-difference estimate and 95% 
confidence interval.   The variance and standard deviation around the pooled estimate was 
calculated using the formula
27
: 
               
         
  
   
       
 
   
 
 
Studies also often reported the percent of test measures within ± 1-2 weeks of the 
reference standard measures.  To summarize these data, percentages were logit transformed, and 
their standard errors calculated.   Meta-analysis was conducted using the STATA metan 
command with a random-effects model. The Higgins I
2
 statistic was calculated to assess 
heterogeneity.  Forest plots were generated in R to summarize test diagnostic accuracy.  Pooling 
of sensitivity and specificity separately fails to account for the inter-relatedness of the measures. 
Hierarchical bivariate models are recommended for meta-analysis
28
 of these measures and were 
analyzed using MetaDisc
®
 1.4  and RStudio using the Mada package, and hierarchal summary 
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receiver operating characteristic curves were generated.  Sub-group analyses were conducted by 
clinical method of assessment, reference standard type (ultrasound vs. LMP), and country 
income level (high income (HIC) vs LMIC).  Correlation coefficients were not pooled given that 
many studies did not indicate the type of coefficient (i.e. Spearman or Pearson), and furthermore, 
methods for pooling of Spearman correlation coefficients have not been well described.
27
 
 
RESULTS 
A) NEONATAL CLINICAL ASSESSMENTS 
Our searches for neonatal clinical assessment of GA yielded a total of 3,862 titles after 
de-duplication (Figure 1). 22 articles were identified by snowball searching the bibliographies of 
identified papers. 270 full-text articles were reviewed, and 66 included.  Of these, 25 papers 
reported on the Dubowitz scoring system, 31 reported on the Original or New Ballard scoring 
system, and 25 reported on other clinical scores of assessing GA.  
 
Overall Study Characteristics 
The basic characteristics of all studies included in the review are shown in Web Appendix 5. The 
66 studies with clinical assessment data were published between 1968 and 2016. Fewer than half 
of these studies were conducted in LMIC. The vast majority (n=62) were conducted in health 
facilities, while 4 studies were community-based.  Nineteen of the studies were performed within 
NICUs on preterm or LBW populations.  For the reference standard comparison, 31 studies had 
an ultrasound/BOE, 42 had LMP, and 3 used another neonatal clinical assessment. The level of 
health worker performing the assessment was a physician or nurse in the majority (68%) of 
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studies, and a community health worker/non-medical personnel in 3 (4.6%) studies; in the 
remaining studies, the level of health worker was not reported. 
 
Study Quality  
The overall QUADAS-2 summary assessment is shown in Web Appendix 6.  In general, the 
quality of the studies was relatively low.  There was a high risk of bias in over half of the studies 
related to patient selection, test method, or reference standard. The individual study QUADAS-2 
data is available on request.  
 
Neonatal Clinical Assessments/Scoring Systems  
We identified nineteen different neonatal assessments or scoring systems (combining >1 
individual clinical signs) for GA determination that were described in the literature from 1966 to 
2014.  Twelve were originally developed in high-income settings and 7 in LMIC (4 Africa, 2 
Asia, 1 other). The reference standard from which the scoring systems were derived was 
US/BOE in only 2 studies, both from high-income settings.  The assessments are shown in Table 
1 by level of complexity. The most complex system, Amiel Tison
15
, had 23 criteria, including a 
large number of complicated neurological signs.  The simplest system, the Parkin
18
, included 
only 4 external physical criteria.  One simplified score was developed in Nigeria (Eregie) and 
also included physical anthropometrics (head circumference and mid-arm circumference).
19
 The 
complexity of the assessment and required training are important considerations for feasibility in 
LMIC. 
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Individual External Physical Criteria/Signs  
Table 2 shows 12 studies that reported the correlation of individual external physical criteria with 
GA. The correlation coefficients were generally higher for comparisons with a reference 
standard of LMP and the maturity of the external physical signs correlated positively with LMP 
GA.  The median correlation coefficients ranged from 0.60 to 0.75 for most individual signs.  
Three studies used US/BOE GA estimates as their reference standard, and lower correlations 
were reported in 2 of these 3 studies; although the GA range of included infants did not include 
early preterm infants in both of these studies.
15,29
 The physical characteristics with the highest 
median correlation coefficients were breast size, plantar skin creases, ear firmness and skin 
texture.   
 
Individual Neuromuscular Signs 
Ten studies reported correlation of individual neuromuscular criteria with GA (Table 2).  The 
median correlation coefficients generally ranged from 0.52 to 0.70 in the studies with LMP 
reference. Correlation coefficients were lower in the same two studies with ultrasound-based 
dating, however these studies did not include early preterm infants.
15,29
 The signs with the 
highest median correlation coefficients were ventral suspension, square window, and posture.  
 
Validity of Neonatal Clinical Scores of Gestational Age 
Studies that reported on the validity or agreement of neonatal clinical exams with a reference 
standard are shown in Table 3 (Dubowitz), Table 4 (Ballard), and Web Appendix 9 (other 
assessments). 
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1) Dubowitz Score  
We identified a total of 26 studies that validated the Dubowitz Score (11 with 
ultrasound/BOE; 19 with LMP reference standard). In most studies, the neonatal assessment was 
performed by physicians or nurses.  Ten studies were from LMIC.    
 
US/BOE Reference Standard: Two studies reported the correlation of GA dating by Dubowitz 
scoring and BOE (r= 0.73 and 0.90, respectively).  Seven studies reported a mean difference and 
standard deviation in GA between Dubowitz and ultrasound-based dating, ranging from -2.2 
weeks (underestimation) to +0.7 weeks (overestimation). The pooled mean difference was not 
statistically different from the null hypothesis (i.e. difference=0), indicating no evidence of 
systematic bias (Table 5, Web Appendix 7a).  The precision of the estimate is reflected in the 
standard deviation of the mean difference, which, at the individual study level, ranged from 0.52 
to 1.94 weeks. The pooled standard deviation across the studies was 1.3 weeks, indicating that 
95% of the differences in GA (Dubowitz score-US dating) fell within ± 2.6 weeks (n=7 studies).   
In the studies which reported upon the % agreement within weeks, the Dubowitz GA fell within 
1 week of US based dates in 48% of infants (pooled estimate, n=3, 95% CI: 23%- 74%), and 
within 2 weeks in 75% of newborns (pooled estimate, n=3, 95% CI: 40% - 93%).  One study 
reported a sensitivity of 61% and specificity of 99% to identify preterm infants <37 weeks.
30
 
Among studies in LMIC, there was no significant bias compared to ultrasound dating and the 
precision of GA dating by the Dubowitz score was similar in LMIC and HIC (Web Appendix 8).  
In four studies, there was evidence of greater bias of Dubowitz scoring among preterm 
infants (Web Appendix 9).  Four studies reported that the Dubowitz systematically overestimated 
GA in preterm infants by up to 2.6 weeks,
30-32
 and more so among early preterm infants.
30-33
   
13 | P a g e  
 
 
LMP Reference Standard:  The correlation of GA determined by Dubowitz scoring and GA 
determined by LMP was reported in 14 studies and was generally high, ranging from 0.41 to 
0.94 (median= 0.89). The pooled mean difference in dating was 0.65 weeks (n=6, 95% CI: 0.01 - 
1.30), indicating a systematic overestimation compared to LMP based GA (Table 5, Web 
Appendix 7a). 95% of the differences fell within ± 2.9 weeks of the mean.  The GA determined 
by Dubowitz assessment fell within 1 week of LMP dates in 57% of newborns (n=4, 95% CI: 
34% - 77%), and within 2 weeks in 87% (n=6, 95% CI: 70% - 95%).  One study reported on the 
diagnostic accuracy of the Dubowitz to identify preterm infants (<37 weeks) (sensitivity 81.5%, 
specificity 98.6%).
34
   Among LMIC studies (n=2), there was a tendency of the Dubowitz score 
to overestimate GA (0.48 wks), although the precision of the GA estimates were similar between 
HIC and LMIC (Web Appendix 8). 
Two studies showed evidence that Dubowitz tended to overestimate GA in early preterm 
infants (Web Appendix 9).
35,36
 
 
2) Ballard/New Ballard Score   
We identified a total of 30 studies that assessed the validity of the Original (n=25) and/or 
New Ballard Score (n=13) (Table 4) (17 with ultrasound/BOE, 20 with LMP reference).  The 
Original Ballard Score (1979)
21
 was refined in 1991 to improve dating of extremely premature 
neonates.  The signs assessed are the same in both versions, however, the New Ballard Score 
(1991)
22
 includes expanded scoring categories for early preterm infants.  Given the similarity of 
the assessments, results from studies that used either the Original or New Ballard were combined 
for the purpose of this analysis. Additionally, in the summary statistics and analyses, we only 
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included studies using the full Ballard. Ballard assessments were performed by medically-trained 
health workers (physicians, nurses or research assistants) in the majority of studies, and by 
community health workers in 2 studies. Fourteen studies were from LMIC.    
 
US/BOE reference standard: Of 17 studies, 12 used the Original Ballard and 6 used the New 
Ballard. The correlation coefficients of GA determined by Ballard scoring vs. US/BOE ranged 
from 0.12 to 0.97 (median=0.85, n=7 studies). The mean difference in GA ranged from -0.41 
weeks (underestimation) to +1.4 weeks (overestimation) in 9 studies.  The pooled mean 
difference was 0.40 weeks (95% CI: 0.00-0.81) (Table 5, Web Appendix 7b), and while 
including zero, indicates a trend toward overestimation of GA.  The pooled standard deviation 
across the studies was 1.9 weeks, indicating that 95% of the differences in GA by Ballard 
assessment vs. ultrasound dates fell within ± 3.8 weeks (n=9 studies, Table 5) of the mean. For 
the studies that reported upon agreement in weeks, Ballard score dates fell within 1 week of US 
dates in 34% (95% CI: 22% - 47%, n=3) of infants and within 2 weeks in 72% (95% CI: 53% - 
85%, n=5) of newborns. The Ballard assessment had a pooled sensitivity of 64% (95% CI: 61% - 
67%) and specificity of 95% (95% CI: 95% - 96%) for identifying preterm <37 week newborns 
(n=4 studies).  Among LMIC studies, the trend of GA overestimation was similar to HIC studies.  
However, the imprecision of GA estimation was greater in LMIC compared to HIC studies 
(pooled standard deviation of 2.12 vs. 1.49) (Web Appendix 8). 
Several studies reported evidence of greater bias in Ballard scoring among smaller babies 
(Web Appendix 9). Three studies reported that the Original Ballard assessment systematically 
overestimated GA by up to 2-3 weeks, in particular, among preterm infants
33,37,38
, and generally, 
the trend was towards increasing bias in lower GAs. However, a study by Karl et al
39
 in Papua 
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New Guinea found the opposite trend. Wariyar et al
38
 reported that the New Ballard 
overestimated GA to a lesser degree than the Original Ballard in infants <30wks (1.6 vs. 3.4wks, 
respectively). Among SGA infants, two studies showed that GA was underestimated by the 
original Ballard.
29,37
  
 
LMP reference standard: Thirteen studies used the Original Ballard, and 7 used the New 
Ballard Score. The correlation coefficients of Ballard GA and LMP GA ranged from 0.66 to 0.96 
(median=0.85; n=13).  The mean difference and standard deviation in GA was reported in 6 
studies, ranging from 0.34 to 2.6 weeks (overestimation).  The pooled mean difference was 0.70 
weeks (95% CI: 0.36-1.04), indicating systematic overestimation (Table 5, Web Appendix 7b). 
95% of mean differences fell within ± 4.2 weeks (n=5 studies) of the mean.  Ballard GA fell 
within 1 week of LMP GA in 43.9% (95% CI: 23.9% - 66.1%; n=3) of newborns and within 2 
weeks of LMP in 75.4% (95% CI: 70.3% - 79.8%; n=9) of newborns.  The Ballard had a 
sensitivity of 84.1% (95% CI: 81.6% - 86.3%) and specificity of 83.5% (95% CI: 79.5% - 
87.0%) for identifying preterm newborns (n=2 studies).  Forest plots of the pooled sensitivity 
and specificity are shown in Figure 2. There were an inadequate number of studies to stratify 
analysis by LMIC vs. HIC. 
Two studies demonstrated overestimation of GA among preterm infants by the Original 
Ballard exam,
40,41
 but one study used the External Ballard only (Web Appendix 9).
41
 In addition, 
two studies found that the Original Ballard performed differently for SGA infants: Baumann et al. 
reported that the correlation of Ballard with GA was lower among SGA infants compared to 
those AGA.
42
 Constantine et al. showed that for SGA babies, the bias for GA dating was 1-1.5 
weeks lower than for non-SGA infants.
40
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3) Other Clinical Assessments  
Eighteen studies were identified which reported on the validity of other clinical methods 
of GA assessment (i.e. Eregie
29,35,43
, Capurro
17,29,44-47
, Parkin
29,36,38,48,49
, Bhagwat
29,50
, Tuncer
51,52
, 
Finnstrom
53
, Narayanan
54
, Robinson
38,55
) (Web Appendix 10).  Many of the methods were 
simplified assessments with fewer characteristics than the Dubowitz or Ballard clinical 
assessments. Fourteen studies were performed in LMIC settings.  The Eregie assessment was 
developed in Nigeria and found to have high correlation with LMP based GA
43
, however the 
performance was only fair in a South Asian study using ultrasound as a reference standard.
29
 The 
Capurro is a simplified 7 sign assessment developed in South America, and 5 studies in LMIC 
were identified comparing Capurro dating to ultrasound-based dates (Table 5; Web Appendix 
8).
29,44-47
 The pooled sensitivity for the Capurro to identify preterm births using an ultrasound 
reference standard was low at 42.7% (95% CI: 35.6% - 50.0%), and the pooled specificity was 
96.7% (95% CI: 95.7% - 97.5%) (n=3 studies).  
 
4) Inter-rater Agreement 
 Web Appendix 11 shows the studies that reported on inter-rater agreement.  Ten studies 
reported upon the agreement of GA estimates when the newborn clinical assessments were 
performed by two different assessors, and all studies found high rates of inter-rater agreement. In 
three studies, the kappa for the classification of preterm births ranged from 0.73 to 0.93, in the 
good-excellent range.
22,56,57
 The GA estimates determined by two different raters were also 
highly correlated, with correlation coefficients (R) of 0.71 and 0.95 in two studies.
22,58
 Four 
studies showed that the mean difference in scores between raters was not significant.
31,59-61
 
17 | P a g e  
 
 
B) ANTERIOR VASCULARITY OF LENS  
The literature searches for anterior vascular capsule of the lens (AVCL) assessments 
yielded a total of 344 unique manuscripts (Figure 3), of which 27 full text articles were reviewed 
and 10 papers met inclusion criteria.  
 
Overall Study Characteristics 
The individual study characteristics are shown in Table 6.  The studies were generally of 
smaller sample size (N= 30-356), and the assessments were performed by physicians in tertiary 
health facilities.  The latest study was published in 1993. Three studies were from LMIC.  
 
Study Quality  
The overall QUADAS-2 summary assessment is shown in Web Appendix 12.  In general, 
the quality of the AVCL studies was poor. The majority of studies had high risk of bias related to 
patient selection and the reference standard. Individual study QUADAS-2 data is available upon 
request.  
 
Correlation of Grading of Anterior Vascular Capsule of the Lens with Gestational Age  
Ten studies reported upon the correlation of the disappearance of the AVCL with GA, in 
the GA range <35 weeks (Table 6). Hittner
62
 first found that as the infant matures in gestation, 
the anterior vascular capsule disappears in stages. In Grade 4, the entire anterior surface of the 
lens is vascularized (27-28 weeks gestation), and the vascularity reduces as GA increases. Grade 
1 indicates a small number of vessels contributing to the periphery (~33-34 weeks), and Grade 0 
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indicates no vasculature (>34 weeks). Of note, the reference standard in this original study was 
the Dubowitz assessment. Nine of the 10 studies used the AVCL grading system described by 
Hittner et al (1977). Three studies were conducted in LMIC (2 South Asia, 1 Africa). The 
examination was performed by a physician in all studies, and pupil dilation was performed prior 
to the assessment in 3 studies. In almost all studies, the exam was performed within the first 72 
hours of life.  Most studies were performed in NICU settings and included only preterm and/or 
low birth weight (LBW) infants. Only two studies included infants of all gestational ages. An 
ultrasound/BOE-based date was available in only two studies.  
Two studies presented data on the average GA determined by Hittner’s AVCL grading 
system.
33,63
 Nine of the 10 studies reported a correlation coefficient of AVCL grading with GA. 
The correlation coefficients (R) for preterm and/or LBW populations ranged from -0.84 to -0.96, 
with a median of -0.88 (n=7 values). For the two studies that analyzed all-GA populations, the 
degree of correlation was lower (R= -0.64 and -0.45, respectively).
53,54
 Three studies analyzed 
results for SGA preterm newborns, and among these studies, the median correlation coefficient 
was -0.77 (range: -0.68 to -0.91).
42,62,64
  
 
C) INTERMAMILLARY DISTANCE 
Searches for inter-mammilary distance yielded 320 unique studies. From these, 2 studies 
were identified that reported on the correlation of inter-mamillary distance with GA. In one study 
from Switzerland, inter-mamillary distance was correlated with LMP-based GA (r=0.62)
65
; 
whereas a study in India reported low correlation with neonatal clinical assessment-based GA.
66
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D) OTHERS 
Searches for skin impedance and palmar creases yielded 109 and 321 unique studies, 
respectively. However, no articles addressed the validity, correlation or agreement with a 
reference standard GA estimate.  
 
DISCUSSION 
Accurate GA determination is a key public health priority to help target and reduce 
preterm birth related morbidity and mortality in LMIC.  The Every Newborn Action plan has 
prioritized improving GA measurement as a high-priority area to improve the epidemiology of 
preterm birth and small-for-gestational age.
23
 In our systematic literature review, we identified 
19 different newborn assessments which have been used for GA dating.  The most commonly 
reported and validated in the literature were the Dubowitz and Ballard scores.  The Dubowitz 
score dated 95% of GA estimates within ± 2.6 weeks of ultrasound dating and was unbiased.  
The Ballard score tended to overestimate GA by 0.4 weeks compared to ultrasound, and dated 
95% of infants within ±3.8 weeks of this mean. Newborn clinical assessments tended to 
overestimate GA among preterm infants, and therefore may misclassify preterm infants as full-
term.  They also tended to underestimate GA in growth-restricted babies. Simplified assessments 
tended to be less accurate. While several studies showed promise of the anterior vascularity of 
lens to classify GA <34-35 weeks, there were few studies assessing AVCL compared to an 
ultrasound-based reference standard. 
Study quality was a major limitation of the studies identified in the review.  
Approximately half of the studies included had a high risk of bias from patient selection, 
reference standard diagnosis, or test measurement.  Many of the original validation studies were 
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from the 1970s when LMP was the “gold standard” for pregnancy dating, and ultrasound was not 
widely available.  Most hospital-based studies were performed in NICUs or among low birth 
weight babies, and thus prone to selection as well as measurement biases (lack of blinding).  
Fewer than half of the studies were based in LMIC, and studies in HIC may not be generalizable 
to these settings, due to differences in the prevalence in SGA, preterm birth, and health worker 
availability and training.   
The majority of individual physical and neurologic signs that have been used in different 
scoring systems had fair to moderate correlation with GA, with a median correlation coefficient 
of 0.6. Skin opacity was the most weakly correlated, and is perhaps the most affected by timing 
of the assessment after birth.  While neurologic signs may be more affected by neonatal 
morbidity (birth asphyxia, neonatal infection, maternal medications, etc.), the correlation 
coefficients for most neurologic signs were in a similar range to the physical criteria.  In two 
studies
15,29
 that excluded early-moderate preterm infants, the correlation of clinical signs with 
GA was lower, suggesting that the criteria maybe more correlated with GA at lower GA, but less 
discriminating for late preterm and full term infants.  In interpreting correlation, it should be 
emphasized that correlation is not equivalent to agreement or validity.  A higher correlation 
coefficient simply indicates that the rank order of scores for a particular sign may be associated 
with relative increases in GA.  Thus, this does not equate to agreement in GA dating or 
diagnostic accuracy in identifying preterm births.    
A critical consideration in LMIC is the validity of the assessment in populations with 
high rates of fetal growth restriction, or SGA.  Distinguishing whether a small baby is preterm, 
SGA, or both, is a challenge in these settings.  Most neonatal assessments were designed to 
measure infant maturity, as opposed to gestational length. SGA infants may act less mature 
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during a neonatal clinical assessment.  Three studies have shown that among growth restricted 
infants (SGA), neonatal clinical exams tend to systematically underestimate GA.
29,37,40
 Thus, 
improving the validity of the neonatal assessment to estimate GA in growth restricted 
populations is a critical research need in LMIC.
54,62,67
 
The disappearance of the anterior vascular capsule of the lens (AVCL), or pupillary 
membrane, was found to correlate with increasing GA in 10 studies.  The overall quality of the 
studies was low, with relatively small sample size and lower quality reference standard GA 
dating (LMP and/or clinical assessment).  AVCL may show promise in LMIC with high rates of 
fetal growth restriction, considering that in the original Hittner
62
 study, the grading correlated 
relatively well with GA even among growth-restricted/SGA infants. However, one study by 
Baumann et al.
42
 reported lower correlation of AVCL grading with GA among SGA infants.  An 
important factor is that the AVCL completely disappears after ~34wks GA; thus, it may not 
distinguish GA above 34 weeks.  Other considerations include that assessment of the AVCL 
requires specialized skills and instruments (ophthalmoscope), which may limit the feasibility and 
scalability of the AVCL assessment in LMIC. 
Several factors should be considered in interpreting and generalizing the validity of 
clinical methods of GA determination in different settings.   For example, comparing the Ballard 
Score to an ultrasound reference standard, the imprecision was greater in LMIC studies (n=5) 
than HIC (n=4) (HIC: ± 3.0 weeks; LMIC: ± 4.2 weeks). The Dubowitz score performed 
similarly in LMIC and HIC settings, though the number of studies was small for comparison.  
The validity of a clinical assessment may vary with the level of medical training of the 
assessor.
29,68
 Most LMIC studies identified used physicians, nurses or midwives, and there were 
few studies with front line health workers. The validity of the newborn assessment has primarily 
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been studied in the facility/hospital-based setting, and the few studies in home-based settings had 
poorer performance.
29,68
 Certain factors may improve the validity in the hospital setting, 
including the timing of assessment sooner after birth, more controlled environment, and lighting. 
The development of some characteristics may vary by ethnicity.  For example, plantar creases 
have been reported to progress differently in African American populations.
69
 Skin color also 
varies between ethnicities, and the interpretation or scoring of certain signs related to skin 
coloring may vary between populations. Gestational diabetes is more common in specific 
populations (Asian and African American)
70
 and may affect the maturity assessment.  Finally, 
the performance of an assessment may also be affected by the GA ranges in which it is tested. 
For example, many of the scoring systems were developed and validated in NICU populations 
with larger numbers of early preterm infants.  The performance and validity of the assessments 
may be different in a general population where there is a larger representation of late preterm and 
near-term infants.   
Feasibility and scalability are critical factors in considering the use of the newborn 
assessment for GA dating in LMIC.  As shown in this review, there is a positive correlation 
between the number of parameters and accuracy of a GA assessment.   Yet, there is likely to be a 
negative correlation between number of parameters (especially neurological) and feasibility of 
use.  While the Dubowitz assessment had the best accuracy of the newborn clinical assessments, 
the assessment is complex (21 signs), may take 15-20 minutes to complete, and includes more 
difficult-to-train neurologic criteria.  In South Asia and Sub-Saharan Africa, approximately half 
of births occur outside of hospital facilities, and community-based health workers or traditional 
birth attendants may be the first point-of-contact for newborns.  These health workers may not 
have medical training, skills, or time required to adequately perform the assessment.  The 
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duration of the assessment, as well as the feasibility of training, standardization, and quality 
control are critical considerations in evaluating a method of GA assessment that may be scaled 
up in LMIC. 
Finally, when evaluating methods of GA assessment in LMIC, the clinical, research and 
programmatic objectives should be weighed.  For the clinician, the primary objective is to 
identify preterm infants requiring special care, and individual level misclassification may result 
in missed opportunities for intervention.  A measurement tool with high sensitivity is desired in 
order to identify all preterm infants, perhaps at the expense of specificity.   A very simple tool 
based on a single parameter, such as foot size or another anthropometric parameter may be 
suitable to meet these needs.   On the other hand, for research purposes, a more precise and 
continuous measurement of GA may be desirable.  Given the inaccuracy of clinical GA scores, 
for clinical research requiring precise GA dating, early pregnancy ultrasound should be used.   At 
the population level, inaccuracy and imprecision in GA dating may result in biased estimates of 
preterm birth rates and epidemiologic associations with preterm birth.
71
 Determining the optimal 
precision (i.e. a 95% CI of +/-1, 2, vs. 3 weeks) and diagnostic accuracy is critical to choosing an 
appropriate method of GA measurement for LMIC.   Research priorities for improving GA 
determination in LMIC are shown in Figure 4. 
 
CONCLUSION 
Improving GA dating is a key priority for improving the measurement of the global 
burden of disease of preterm birth and SGA, as well as the delivery of effective interventions to 
improve the survival and development of these high-risk populations.  As part of the Metrics 
Group of the Every Newborn Action Plan, we have conducted the first systematic review and 
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meta-analysis assessing the diagnostic accuracy of published scoring systems for neonatal 
gestational age assessment.   In general, neonatal assessments with more parameters tended to be 
more accurate.  Notably the Dubowitz score, with 21 signs including neurological assessment, 
was found to be most accurate (±2.6 weeks). The Ballard exam, with 12 signs, over-estimated 
GA by 0.4 weeks, and had wider limits of agreement (±3.8 weeks).  Both assessments tended to 
overestimate GA in preterm infants, and underestimate GA in growth-restricted babies. The 
assessment of the anterior vascular capsule of the lens (AVCL) correlated well with GA below 
35 weeks; however, the assessment requires an ophthalmoscope.  Feasibility is a critical 
consideration in LMIC, and the complexity of scoring, training required, time to conduct the 
assessment and specialized equipment are challenges to scale up.  Additional high-quality studies 
are needed in LMIC to determine the accuracy of neonatal assessment compared to an early 
ultrasound reference, particularly in settings with SGA, as well as to explore the feasibility of 
implementation of complex GA assessments.  This work also underlines the importance of 
increasing the focus on improving the coverage of accurate GA assessment through early 
pregnancy ultrasound scans and innovations to improve GA assessment in late pregnancy, such 
as novel ultrasound approaches.  In settings where early ultrasound is not possible, increased 
efforts and innovation are urgently needed to develop simpler, yet specific, approaches for 
clinical GA assessment of the newborn, either through new combinations of existing parameters, 
new signs, or technology.   
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Figure Legends 
 
Figure 1. Neonatal Clinical Assessment: Flow Diagram 
 
Diagram of the screening process to identify studies for inclusion in neonatal assessment 
review; adapted from the PRISMA (Preferred Reporting Items for Systematic Reviews 
and Meta-analysis; Moher et al., 2009). 
 
 
Figure 2. Forrest Plots of the Ballard Exam Sensitivity/Specificity for Identifying Preterm Births 
Compared to Ultrasound (A,B) and Last Menstrual Period (C,D) 
 
LMP= last menstrual period 
 
 
Figure 3. Anterior Vascular Capsule of the Lens: Flow Diagram 
 
Diagram of the screening process to identify studies for inclusion in AVCL review; 
adapted from the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
analysis; Moher et al., 2009). AVCL= anterior vascular capsule of the lens 
 
 
Figure 4.  Research Priorities to Improve Gestational Age Dating in LMIC 
  
LMIC= low-and-middle-income countries, SGA= small-for-gestational-age, GA= 
gestational age 
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Table 1. Scoring Systems by Level of Complexity 
 
Clinical 
Scoring 
System/Name 
# of 
criteria Physical Criteria Neuromuscular Criteria 
Other 
Criteria 
Reference 
Standard 
Original Manuscript 
Accuracy Study Setting 
Sample 
Size Year 
Amiel Tison15 23 Skin color, skin opacity, skin 
texture, oedema, lanugo, skull 
hardness, ear form, ear firmness, 
genitals, breast size, nipple 
formation, plantar creases 
Return to flexion of forearms, scarf sign, 
popliteal angle, foot dorsiflexion, righting 
reaction, raise-to-sit, back-to-lying, 
finger grasp and response to traction, 
non-nutritive sucking, crossed 
extension, vision fix and track 
  LMP Individual correlation coefficients 
available per criteria & a 
regression equation.  
France/Paris, Port-Royal-
Baudelocque Hospital 
397 1999 
Feresu72 22 Edema, skin texture, skin color, 
skin opacity, lanugo, plantar 
creases, nipple formation, breast 
size, ear form, ear firmness, 
genitals 
posture, square window, dorsiflexion of 
foot, arm recoil, leg recoil, popliteal 
angle, heel-t0-ear, scarf sign, head lag, 
ventral suspension 
Birth weight LMP Dubowitz Score - r= 0.81; 
Revised Ballard Score - r=0.8 
Maternity Unit, Harare 
Central Hospital; Harare, 
Zimbabwe 
364 2002 
Dubowitz16 21 Edema, skin texture, skin color, 
skin opacity, lanugo, plantar 
creases, nipple formation, breast 
size, ear form, ear firmness, 
genitals 
Posture, square window, ankle 
dorsiflexion, arm recoil, leg recoil, 
popliteal angle, heel-to-ear, scarf sign, 
head lag, ventral suspension 
  LMP 95 CI: 2.0 weeks NICU, Jessop Hospital for 
Women, Sheffield, England 
167 1970 
Sunjoh35 21 Edema, skin texture, skin color, 
skin opacity, lanugo, plantar 
creases, nipple formation, breast 
size, ear form, ear firmness, 
genitals 
posture, square window, dorsiflexion of 
foot, arm recoil, leg recoil, popliteal 
angle, heel-t0-ear, scarf sign, head lag, 
ventral suspension 
  LMP Combined Dubowitz & Farr; 
mean difference - 0.5 (+/-
1.31) weeks, r=0.94 
Mother & Child Center, 
National Social Insurance & 
Central Hospitals; Yaounde, 
Cameroon 
358 2004 
Dubowitz & 
Farr (from 
Nicolopoulos73) 
17 skin texture, skin color, skin 
opacity, lanugo, plantar creases, 
nipple formation, breast size, ear 
form, ear firmness 
posture, square window, dorsiflexion of 
foot, popliteal angle, heel-t0-ear, scarf 
sign, head lag, ventral suspension 
  LMP r = 0.878 Athens/Greece, Alexandra 
Maternity Hospital 
710 1976 
Finnstrom53 12 Breast size, nipple formation, 
skin opacity, scalp hair, hair-
forehead border, eyebrows, ear 
cartilage, fingernails, xiphoid 
process, external genitalia, 
plantar skin creases, pupillary 
membrane 
    LMP r = 0.84 for 5 external 
characteristics (nipple 
formation, plantar skin 
creases, breast size, scalp 
hair, ear cartilage) 
Sweden/Umea, tertiary care 
hospital 
174 1972 
Ballard21 12 Skin color, Lanugo, Plantar 
creases, Breast size, Ear 
firmness, Genitals 
Posture, square window (wrist), arm 
recoil, popliteal angle, scarf sign, heel-
to-ear 
  LMP & 
Clinical 
Data 
r = 0.852 (based on 224 
infants) 
NICU, Cincinnati General 
Hospital, Cincinnati, USA 
252 1979 
Ballard (New 
Ballard Score, 
NBS)22 
12 Skin, lanugo, plantar crease, 
breast maturity, Eye/ear, genitals 
Posture, square window (wrist), arm 
recoil, popliteal angle, scarf sign, heel to 
ear 
  BOE r = 0.97 NICUs and nurseries, 4 
major medical centers, 
Cincinnati, Ohio, USA 
530 1991 
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Abbreviations: NS=not stated, BOE= best obstetric estimate, US= ultrasound, LMP= last menstrual period, AVCL= anterior vascular capsule of the lens 
Clinical 
Scoring 
System/Name 
# of 
criteria Physical Criteria Neuromuscular Criteria 
Other 
Criteria 
Reference 
Standard 
Original Manuscript 
Accuracy Study Setting 
Sample 
Size Year 
Farr74 10   Spontaneous motor activity, reaction of 
pupils to light, rate of sucking, closure of 
mouth when sucking, stripping action of 
the tongue, resistance against passive 
movement, recoil of forearms, plantar 
grasp, pitch of cry, intensity of cry 
  LMP Accurate +/- 1 wk: 61% Aberdeen, Scotland  82 1968 
Tuncer51 8 Skin texture, ear form, firmness, 
breast size & nipple formation, 
plantar creases, facial 
appearance 
Posture, arm recoil, scarf sign   LMP r = 0.945 (assessed by 
neonatologists) 
Hacettepe University, NICU, 
Ankara, Turkey 
100 1981 
Eregie19 8 Skin texture, ear form, breast 
size, genitalia 
Posture, scarf sign Head 
circumference, 
mid-arm 
circumference 
Dubowitz Accurate within +/- 2 weeks: 
92% 
University teaching Hospitals, 
Benin, Nigeria 
262 1991 
Capurro17 7 Skin texture, nipple formation, 
ear form, breast size, plantar 
creases 
Scarf sign, head lag   LMP r = 0.9 (std. error of 
estimation= 8.4 days) 
Montevideo, Uruguay 115 1978 
Kollee75 7 Skin color, skin texture, plantar 
creases, breast size, ear 
firmness, nail length 
  AVCL NS ± 19.9 days (95% CI) Catholic University, 
Nijmegen, The Netherlands.  
229 1985 
Klimek76 6 Lanugo, plantar creases, breast Posture, angle forearm to arm, pulling 
an elbow to the body 
  LMP r = 0.72 (comparison b/w 
Klimek & Ballard) 
Tertiary care hospital, 
Krakow, Poland 
800 2000 
Simplified 
Dubowitz 
(from Allan 
200977) 
6 Breast size, skin texture, ear 
bending (substituted from ear 
firmness because some 
Aboriginal babies have less ear 
cartilage) 
Square window, popliteal angle, scarf 
sign  
  US (27 
were high 
quality 1st 
trimester) 
Mean difference: 0.4 wks 
(95% LOA: -2.8-1.9) 
Royal Darwin & Darwin 
Private Hospitals, Northern 
Territory, Australia 
98 2009 
Narayanan54 5 Skin color, ear form, plantar skin 
crease, breast formation, skin 
texture 
  AVCL LMP 95% CI of GA estimation - 11 
days 
Kalawati Saran Children's 
Hospital, New Dehli, India 
356 1982 
Robinson 
196678 (from 
Serfontein 
197855)  
5   Pupil reaction, traction, glabellar tap, 
neck-righting, head-turning 
  Dubowitz 95 CI: +/- 1 wk; r = 0.85 South Africa, “cape colored 
babies” 
73 1966 
Parkin18 4 Skin texture, breast size, edema, 
plantar skin creases, nail length, 
nail texture, ear firmness, skull 
hardness, lanugo hair, genitalia 
    LMP 95 CI: 18.1 days University hospital, 
Newcastle, England 
392 1976 
Bhagwat et 
al20 (from 
Bindusha 
201450) 
4 Skin texture, breast size, ear 
firmness, genitalia) 
    LMP Mean difference: -0.58 
weeks; r = 0.91 
Government Medical 
College, 
Thiruvananthapuram, Kerala, 
India 
1000; GA 
28-37 wks, 
preterm 
with Apgar 
scores >6 
2014 
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Table 2. Correlation of Individual Physical or Neuromuscular Criteria with Gestational Age 
 
 
  Amiel-
Tison 
(1999)15 
Lee 
(2016)29 
Ballard 
(New 
Ballard) 
(1991)22 
Parkin 
(1976)18 
Dubowitz 
and Farr 
(Nicolopoulos 
1976)73 
Raghu  
(1981)34 
Feresu 
(2002)72 
Dubowitz 
and Farr 
(Sunjoh 
2004)35 
Finnstrom 
(1972)53 
Ballard 
(1979)21 
Tuncer 
(1981)51 
Narayanan 
(1982)54 
Summary Across 
all Studies 
Median (Min, Max) 
N (sample 
size) 
397 710 530 392 710 160 364 358 174 252 220 356  
Population 
Description 
Port-Royal-
Baudelocqu
e Hospital, 
Paris, 
France 
Communi
ty setting, 
Sylhet 
district, 
Banglade
sh 
NICUs & 
nurseries; 4 
major 
medical 
centers, 
Cincinnati, 
USA  
Hospital, 
University 
of 
Newcastle 
upon Tyne, 
England 
Alexandra 
Maternity 
Hospital and 
private maternity 
clinics; Athens, 
Greece 
Premature 
Unit, 
University 
Teaching 
Hospital, 
Lusaka, 
Zambia 
Maternity 
unit, Harare 
Central 
Hospital; 
Harare, 
Zimbabwe 
Mother and 
Child Centre, 
National Social 
Insurance 
Hospital & 
Central 
Hospital; 
Yaounde, 
Cameroon 
University 
Hospital, Umea, 
Sweden 
NICU/ 
nursery, 
Cincinnati 
General 
Hospital, 
Cincinnati, 
USA  
NICU, 
Hacettepe 
University, 
Ankara, 
Turkey  
Kalawati Saran 
Children's Hospital, 
New Dehli, India 
  
Gestational 
Age range 
included 
37-41 
weeks 
34-42 
weeks 
20-44 
weeks 
25.2-
45.2 
weeks 
28-44 weeks NS 24-45 
weeks 
25-44 weeks 32.1-34 
weeks 
26-44 
wks, 
760-
5460g 
27-41 
weeks 
26-44.4 weeks   
Reference 
Standard 
BOE US BOE LMP LMP LMP LMP LMP LMP LMP LMP LMP   
Physical Criteria            
Skin colour  0.19 0.05   0.78 0.76 0.52 0.45 0.8 0.48 0.84   0.74 0.63 (0.05, 0.84) 
Ear form 0.11 0.02 0.73   0.76 0.64 0.57 0.72 0.41 0.84 0.62  0.63 (0.02, 0.84) 
Ear firmness 0.18 0.03   0.78 0.76 0.65 0.53 0.72       0.85 0.69 (0.03, 0.85) 
Plantar skin 
creases  
0.34 0.02 0.72 0.76 0.77 0.56 0.64 0.76 0.65 0.79 0.64 0.87 0.69, (0.02, 0.87) 
Breast size 0.25   0.8 0.75 0.76 0.66 0.57 0.76 0.62 0.89 0.66 0.81 0.75 (0.25, 0.89) 
Nipple 
formation 
0.19 0.14     0.72 0.62 0.55 0.75 0.68       0.62 (0.14, 0.75) 
Skin texture  0.28 0.14 0.75 0.72 0.77 0.59 0.57 0.8     0.65 0.77 0.69 (0.14, 0.80) 
Genitalia  0.17 0.02 0.82 0.66 0.65 0.36 0.62 0.63 0.43 0.67     0.63 (0.02, 0.82) 
Lanugo hair  0.2 -0.01 0.81 0.62 0.73 0.55 0.49 0.71   0.77     0.62 (-0.01, 0.81) 
Edema 0.16     0.59 0.64 0.67 0.22 0.41         0.50 (0.16, 0.67) 
Skin opacity 0.09 0.02     0.72 0.22 0.35 0.7 0.48       0.35 (0.02, 0.72) 
Nail Texture       0.57                 0.57 (0.57, 0.57) 
Nail Length       0.51                 0.51 (0.51, 0.51) 
Facial 
Appearance 
                    0.77   0.77 (0.77, 0.77) 
Skull hardness 0.15                       0.15 (0.15, 0.15) 
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Abbreviations: BOE= best obstetric estimate; US= ultrasound; LMP= last menstrual period 
 
 
 
 
 
 
 
 
  Amiel-
Tison 
(1999) 
Lee 
(2016) 
Ballard 
(New 
Ballard) 
(1991) 
Parkin 
(1976) 
Dubowitz 
and Farr 
(Nicolopoulos 
1976) 
Raghu 
(1981) 
Feresu 
(2002) 
Dubowitz 
and Farr 
(Sunjoh 
2004) 
Finnstrom 
(1972)  
Ballard 
(1979) 
Tuncer 
(1981) 
Narayanan 
(1982) 
Summary Across 
all Studies 
Median (Min, Max) 
Neuromuscular Criteria              
Posture   0.12 0.82 0.75 0.72 0.31 0.65 0.76   0.69 0.48   0.69 (0.12, 0.82) 
Square 
Window 
    0.79 0.21 0.73 0.58 0.64 0.69   0.7     0.69 (0.21, 0.79) 
Scarf Sign 0.23 0.08 0.82 0.67 0.72 0.51 0.63 0.72   0.71 0.41   0.65 (0.08, 0.82) 
Popliteal angle 0.23 0.05 0.74 0.48 0.76 0.39 0.63 0.7   0.77     0.63 (0.05, 0.77) 
Arm recoil 0.19 0.07 0.71 0.62 0.65 0.29 0.55 0.56   0.61 0.36   0.56 (0.07, 0.71) 
Heel to ear   0.04 0.81 0.51 0.76 0.5 0.59 0.66   0.72     0.63 (0.04, 0.81) 
Leg Recoil       0.59 0.55 0.3 0.47 0.52         0.52 (0.30, 0.59) 
Ventral 
Suspension 
      0.59 0.72 0.42 0.7 0.71         0.70 (0.42, 0.72) 
Head Lag       0.47 0.71 0.36 0.59 0.65         0.59 (0.36, 0.71) 
Ankle 
Dorsiflexion 
0.21     0.37 0.74 0.47 0.59 0.66         0.53 (0.21, 0.74) 
Non-nutritive 
sucking reflex 
0.24                       0.24 (0.24, 0.24) 
crossed 
extension 
0.16                       0.16 (0.16, 0.16) 
Vision: Fix and 
track 
0.1                       0.10 (0.10, 0.10) 
Righting 
reaction 
0.07                       0.07 (0.07, 0.07) 
Raise to sit 0.15                       0.15 (0.15, 0.15) 
Back to lying 0.03                       0.03 (0.03, 0.03) 
Finger grasp 
and response 
to traction 
0.11                       0.11 (0.11, 0.11) 
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Table 3. Agreement and Validity of the Dubowitz Assessment  
Author Year 
Study Setting 
(NICU/clinic/hospital/ 
community, district/city, 
country) GA of cohort 
Sample 
Size 
Assessment 
Version (Total, 
Physical/ 
External, 
Neurologic) 
AGREEMENT VALIDITY 
Correlation 
coefficient 
(R) with 
reference 
GA 
Mean 
difference 
(weeks) 
SD of the 
mean 
difference 
(wks) 
Bland 
Altman 95% 
LOA [±1.96 
SD] (LL,UL) 
[wks] 
% 
within 
1 wk  
% 
within 
2 wks 
Sensitivity 
preterm 
<37wk (%) 
(95%CI) 
Specificity 
preterm 
<37wk (%) 
(95% CI) 
<37 
wk 
PPV 
<37 
wk 
NPV 
ULTRASOUND                              
High Income Countries                           
Allan77 2009 
Royal Darwin Hospital & 
Darwin Private Hospital, Tiwi 
Northern Territory, Australia  29.6-41.7 wks  98  Total   0.10 1.10 (-2.3, 2.0)             
Roberts79 1979 
University Hospital of Wales, 
Cardiff, Wales NS 118 Total         68.6 89.8         
Vik80 1997 
Trondheim and Bergen, 
Norway All GA 970 Total   -0.20 1.12 (-2.3, 2.1)             
Awoust81 1982 
Brugman University Hospital, 
Brussels, Belgium NS 130 Total   0.50 1.04               
Sanders33 1991 
NICU, The Johns Hopkins 
Hospital, Baltimore, MD, USA 
<1500gm, >20 
wks 110 Total 0.73 3.00     18.2 39.1         
Wariyar38 1997 Newcastle, UK 
32-42 wks 347 Total   0.71 1.17 (-1.57, 3.0) 
  
        <30 wks 105 Total  2.86 2.48 (-2.0, 7.71) 
Robillard32 1992 
Neonatology Dept, Guadalupe, 
French West Indies <2500g  384 Total   0.64 1.94   61.0 82.0         
Shukla31 1987 
New York University-affiliated 
hospitals; New York, USA 
Preterm <38 
weeks, AGA 25 Total 0.90          48.0         
Low/Middle Income Countries (LMIC)                           
Moore30 2015 
Refugee/migrant antenatal 
clinics, Thai-Myanmar border All GA 250 Total    2.57a 1.04a (0.49, 4.65)a     61 99     
Rosenberg82 2009 
Special Care Nursery, Shishu 
Hospital, Dhaka, Bangladesh <33 weeks 355 Total   0.56 0.52 (-1.57, 0.47)             
Karunasekera4
8 2002 
North Colombo Teaching 
Hospital, Ragama, Sri Lanka 35-42 weeks 200 
Total   -2.18 1.43               
External   -0.45 2.39               
LMP                               
High Income Countries                           
Ballard21 1979 
NICU/nursery, Cincinnati 
General and Children’s 
Hospital; Ohio, USA NS 224 Total 0.85                   
Capurro17 1978 
Tertiary Care Center; 
Montevideo, Uruguay NS 115 Total 0.91                   
Mitchell83 1979 
Newborn Nursery, Guy's 
Hospital, London, England NS 20 Total 0.41                   
Nicolopoulos73 1976 
Alexandra Maternity Hospital 
Athens, Greece 
28-44 weeks 710 
Total 0.91                   
External 0.88                   
Corrected neuro 0.85                   
Roberts79 1979 
Antenatal clinics at University 
Hospital Wales, Cardiff, Wales NS 118  Total         67.8 79.6         
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Author Year 
Study Setting 
(NICU/clinic/hospital/ 
community, district/city, 
country) GA of cohort 
Sample 
Size 
Assessment 
Version (Total, 
Physical/ 
External, 
Neurologic) 
Correlation 
coefficient 
(R) with 
reference 
GA 
Mean 
difference 
(weeks) 
SD of the 
mean 
difference 
(wks) 
Bland 
Altman 95% 
LOA [±1.96 
SD] (LL, 
UL) [wks] 
% 
within 
1 wk  
% 
within 
2 wks 
Sensitivity 
preterm 
<37wk (%) 
(95%CI) 
Specificity 
preterm 
<37wk (%) 
(95% CI) 
<37 
wk 
PPV 
<37 
wk 
NPV 
Vogt36 1981 Tertiary Care Center, Norway All GA 242  Total     
 
    90b         
Vik80 1997 Trondheim& Bergen, Norway All GA 970  Total   -0.40 1.43 (-3.2, 2.4)             
Latis84 1981 
Neonatal unit, L. Mangiagalli 
Institute of Obstetrics and 
Gynaecology; Milano, Italy 27-42 weeks 92 Total   0.44 1.62     80.7         
Dubowitz16 1970 
Newborn nursery, Special 
Care Nursery & Premature 
Nursery, Jessop Hospital for 
Women; Sheffield, England 
All gestational 
ages 
167 
Total 0.93   
 
    95.0         
External 0.91                   
Neurologic 0.89                   
Allan77 2009 
Royal Darwin & Darwin Private 
Hospitals, Northern Territory, 
Australia  29.6-41.7 wks 56 Total   0.30 0.92 (-1.5, 2.1)             
Hertz85 1978 
Antenatal Unit, Cleveland 
Metropolitan General Hospital; 
Ohio, USA All GA 126 Total 0.86                   
Sanders33 1991 
NICU, Johns Hopkins Hospital; 
Baltimore, Maryland, USA 
<1500g, >20 
wks 110 Total 0.68 2.80 2.1   23.6 46.3         
Low/Middle Income Countries (LMIC)                           
Feresu72 2002 Maternity Unit, Harare Central 
Hospital; Harare, Zimbabwe All GA 364 
Total 0.81                   
External 0.77   
 
              
Neurologic 0.79   
 
              
Sunjoh35 2004 
Neonatology services, Mother and 
Child Centre, National Social 
Insurance & Central Hospitals; 
Yaounde, Cameroon 25-44 weeks 358 Total 0.94 0.50 1.31     93.0         
Tuncer51 1981 
NICU, Hacettepe University 
Hospital, Ankara, Turkey 27-41 weeks 120 Total 0.88                   
Cevit52 1998 
Tertiary Care Center, Sivas, 
Turkey 
28-38 weeks; 
<2500g 91 Total 0.85 0.30     60.4 98.9         
Jaroszewicz86 1973 
Tyberberg Hospital, Cape Town, 
South Africa NS 100 Total 0.9                   
Dawodu87 1977 
Maternity Units, University College 
& Oluyoro Catholic Hospitals; 
Ibadan, Nigeria 29-43 weeks 100 Total 0.90 0.38 1.41 (-2.39,3.15) 74.0 94.0 81.5 98.6 95.7 93.5 
Raghu34 1981 
Premature Unit, University 
Teaching Hospital, Lusaka, 
Zambia NS 160 
Total 0.90 
                  
External 0.82 
Neurologic 0.80 
 
a For a 34-week newborn with weight-for-age Z score (WFAz) of 0. There was evidence of a significant trend across gestational age; mean bias decreased by 0.35 weeks per week increase in newborn GA. 
b Percent within +3 weeks of LMP (reference) GA.  
 
An empty cell indicates that the data was not available for that paper. Abbreviations: NS= not stated, GA= gestational age, AGA= appropriate-size-for-gestational age, SD= standard deviation, LOA= limits of agreement, 
LL=lower limit, UL=upper limit, CI= confidence interval, PPV= positive predictive value, NPV=negative predictive value 
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Table 4. Agreement and Validity of the Ballard Assessment  
Author Year 
Study Setting 
(NICU/clinic/hospital/ 
community, district/city, 
country) 
GA of 
cohort  
Sample 
Size 
Assessment 
Version 
[Ballard (1979), 
New Ballard 
(1991); Physical/ 
External, Neuro] 
AGREEMENT VALIDITY 
Correlation 
coefficient 
(R) with 
reference 
GA 
Mean 
difference 
(weeks) 
SD of 
mean 
diff. 
(wks) 
Bland Altman 
95% LOA 
[±1.96 SD] 
(LL, UL) [wks] 
% 
within 1 
wk 
% 
within 2 
wks 
Sensitivity 
preterm 
<37wk (%) 
(95%CI) 
Specificity 
preterm 
<37wk (%) 
(95% CI) 
<37 
wk 
PPV 
<37 wk 
NPV 
ULTRASOUND                           
High Income Countries                           
Scher88 1987 
NICU, Magee-Women's Hospital; 
Pittsburg, Pennsylvania, USA 
23-30 wks 
by LMPa 24 Ballard   1.35 2.62 (-3.79, 6.49) 56.5 69.6         
Alexander37 1992   
Medical University Hospital; 
Charleston, S Carolina, USA 
28-44 wks 
by Ballard 4193 Ballard 0.79           72.2 97.1 83.2 94.6 
Sanders33 1991 
NICU, Johns Hopkins Hospital; 
Baltimore, Maryland, USA 
<1500g; <37 
weeks 110 Ballard 0.69 2.70 
 
  22.7 45.4         
Smith61 1999 
Hermann Hospital, Houston, 
Texas, USA 
<2500g; 
85% preterm 82 Ballard 0.86 1.40 1.15   
 
85         
Dombrowski89 1992 
Hutzel Hospital, Detroit, 
Michigan, USA 24-43 weeks 38,318 Ballard     
 
  
 
85.4         
Gagliardi60 1992 
NICUs, 7 tertiary care 
centers; Milano, Italy 
<37 wks; 
<2500g 227 Ballard   -0.21 1.76   20.5 40.4         
Wariyar38 1997 Newcastle, UK 
32-42 wks 347 Ballard   0.57 1.31 (-2.0, 3.14) 
  
        
<30wks 105 Ballard  3.43 1.97 (-0.43, 7.29) 
<30wks 105 New Ballard  1.57 1.75 (-1.86, 5.0) 
Ballard22 1991 
NICU/nursery, 4 medical 
cntrs, Cincinnati, Ohio, USA 
All GA; 20-
44 wks 530 New Ballard 0.97 0.15 1.46               
Amato65 1991 
Neonatal Dept, University of 
Berne; Switzerland 
All preterm, 
LBW 38 
Ballard 
(Physical)                     
Low/Middle Income Countries (LMIC)                           
Karl39 2015 
8 health facilities, Madang 
municipality, Papua New 
Guinea 
25.5-43.7 
wks; 900g-
4250g 
623 Ballard 0.35 0.86 2.41 (-3.86, 5.57)     39.0 92.0 21.0 97.0 
668 (External) 0.33           58.0 81.0 14.0 97.0 
668 (Neuro) 0.39     (-3.57, 6.57)     23.0 93.0 14.0 96.0 
Rosenberg82 2009 
Special Care Nursery, Shishu 
Hospital, Dhaka, Bangladesh 
Preterm, all 
<33 wks 355 Ballard   -0.41 1.08 (-0.7, 1.51)             
Lee29 2016 
Community setting, Sylhet 
district, Bangladesh 33-45 wks 710 Ballard 0.12 -0.40 2.22 (-4.7, 4.0) 32.0 64 15.0 87.0 9.0 92.0 
Moraes56 
(translated) 2000 
Maternity unit, Instituto 
Fernandes Figueira, Rio de 
Janeiro, Brazil NS 116 New Ballard 
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 
  
  
  
  
57.0 (41.0-
73.0) 
97.0 (90.0-
99.0)   
  
  
  
  
Sreekumar49 2013 
Level III NICU & postnatal wards, 
St. Johns Hospital, Bengaluru, 
India 
24-41.2 
weeks 284 New Ballard   -0.04                 
Wylie90 2013 
Ndirande Antenatal Care Clinic, 
Blantyre, Malawi All GA 177 New Ballard   0.80 2.19 (-3.5, 5.1)             
Taylor68 2010 
Nurse-trekking teams & 
community medical station, 
Keneba, The Gambia All GA 80 
Ballard 
(External)   -2.23 1.56  (-5.3, 0.82              
 Thi91 2015 
Hoa Binh General Hospital, 
Hoa Binh province, Vietnam 
30-42 wks 
by US 391  New Ballard 0.90                   
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Author Year 
Study Setting 
(NICU/clinic/hospital/ 
community, district/city, 
country) 
GA of 
cohort  
Sample 
Size 
Assessment 
Version 
(Original, New 
Ballard (NB); 
Physical/ 
External, Neuro) 
Correlation 
coefficient 
(R) with 
reference 
GA 
Mean 
difference 
(weeks) 
SD of 
mean 
diff. 
Bland Altman 
95% LOA 
[±1.96 SD] 
(LL,UL) [wks] 
% 
within 1 
wk 
% 
within 2 
wks 
Sensitivity 
preterm 
<37wk (%) 
(95%CI) 
Specificity 
preterm 
<37wk (%) 
(95% CI) 
<37 
wk 
PPV 
<37 wk 
NPV 
LMP                               
High Income Countries                           
Baumann42 
(translated) 
1993 
University Clinic-Bern, Bern, 
Switzerland 
27-35 wks 
AGA 60 
Ballard 
(Total) 
0.91 
 
                
28-36 wks 
SGA 29 0.66 
 
                
27-35 wks 
AGA 60 
Ballard 
(External) 
0.83 
 
                
28-36 wks 
SGA 29 0.66 
 
                
27-35 wks 
AGA 60 
Ballard 
(Neuro) 
0.65 
 
                
28-36 wks 
SGA 29 0.66 
 
                
Constantine40 1987 8 states (AK, NY, MA, FL, 
PA, TX, WA, CN), USA All GA 1246 
Ballard 0.81 0.60 2.18       85 81 89 75 
(Physical) 0.83 -0.1 2.14       92 74 87 87 
(Neuro) 0.71 1.4 2.72       70 84 89 60 
Scher88 1987 
NICU, Magee-Women's 
Hospital, Pittsburgh, 
Pennsylvania, USA 
23-30 weeks 
by LMP 24 Ballard   1.42 2.32 (-3.13, 5.96) 45.8 62.5         
Mackanjee92 1996 
NICU, St. Joseph’s Health, 
London, Ontario, Canada 
23-33 
weeks; 
<1500g 47 Ballard 0.87 1.50 1.50               
Dombrowski89 1992 
Hutzel Hospital, Detroit, 
Michigan, USA 24-46 weeks 38,818 Ballard     
 
    69.9         
Alexander93 1990 
Medical University Hospital, 
Charleston, S Carolina, USA 20-45 weeks 10,794 Ballard 0.76 0.48 
 
  52.7 80.3         
Ballard21 1979 
NICU/nursery, Cincinnati 
Gen. & Children's Hospitals; 
Ohio, USA 
26-44 
weeks, 760-
5460g 224 Ballard 0.85                   
Alexander94 1992 
Medical University of South 
Carolina Hospital, 
Charleston, South Carolina, 
USA 
28-44 wks; all 
black 
population 3480 Ballard 0.82 0.53       68.2         
28-44 wks; all 
white 
population 2091 Ballard 0.86 0.17       70.6         
Ballard22 1991 
NICU/nursery, 4 medical 
centers, Cincinnati, Ohio, 
USA 20-44 weeks 578 New Ballard 0.96         88.0         
Ahn95 2008 
Neonatal units, University 
hospital, Incheon, S. Korea 
All GA, 773-
4870g 213 New Ballardb 0.85 0.46c                 
Sanders33 1991 
NICU, Johns Hopkins 
Hospital; Baltimore, 
Maryland, USA 
<1500g; <37 
weeks 110 Ballard 0.66 2.60 2.2   28.2 51.0         
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Author Year 
Study Setting 
(NICU/clinic/hospital/ 
community, district/city, 
country) 
GA of 
cohort  
Sample 
Size 
Assessment 
Version 
(Original, New 
Ballard [NB]; 
Physical/ 
External, Neuro) 
Correlation 
coefficient 
(R) with 
reference 
GA 
Mean 
difference 
(weeks) 
SD of 
mean 
diff. 
Bland Altman 
95% LOA 
[±1.96 SD] 
(LL,UL) [wks]  
% 
within 1 
wk 
% 
within 2 
wks 
Sensitivity 
preterm 
<37wk (%) 
(95%CI) 
Specificity 
preterm 
<37wk (%) 
(95% CI) 
<37 
wk 
PPV 
<37 wk 
NPV 
Low/Middle Income Countries (LMIC)                           
Cevit52 1998 
Tertiary Care Center, Sivas, 
Turkey 
Preterm 28-
38 wks; 
<2500g 91 Ballard   0.10 
 
  59.3 98.9         
Feresu72 2002 Maternity Unit, Harare Central 
Hospital; Zimbabwe 24-45 weeks 364 
Ballard  0.80   
 
              
(Physical)d 0.75                   
(Neuro)d 0.74                   
Sunjoh35 2004 
Mother & Child Centre Hospitals; 
Cameroon 25-44 weeks 358 New Ballard 0.93 0.34 1.52     86.0         
Bindusha50 2014 
Tertiary care hospital, Kerela, 
India 28-37 weeks 1000 New Ballard 0.92 0.31         <36 wk: 85.6 <36 wk: 94.6 
<36 
wk: 
98.0 
<36 wk: 
53.6 
Sasidharan59 2009 
Level III NICU, medical institute, 
Northern India 29-35 weeks 129 New Ballard     
 
    100.0         
Moraes56 
(translated) 2000 
Maternity unit, Instituto 
Fernandes Figueira, Rio de 
Janeiro, Brazil NS 140 New Ballard             
68.0 (49.0 - 
82.0) 
92.0 (85.0 - 
96.0)     
Thi91 2015 
Hoa Binh General Hospital, Hoa 
Binh province, Vietnam 
30-43 wks 
by LMP 282 New Ballard 0.81                   
Taylor68 2010 
Nurse-trekking teams and 
community medical station, 
Keneba, The Gambia All GA 76 
Ballard 
(External)   -2.2 3.3  (-8.67, 4.27)             
Verhoeff41 1997 
Chikwawa District Hospital & 
Montfort Hospital, Southern 
Region, Malawi 
All GA; 
literate 
mothers 76  
Ballard 
(External)    0.87                 
 
a All infants in this study died; all deaths occurred after the assessments. 
b This study used an “Extended New Ballard” scoring system to estimate gestational age (simply the standard NB score extended to be used to estimate a greater GA range, which was calculated mathematically). 
c For infants <39 wks GA. Mean difference= -0.58 wks for infants >39 wks GA. 
d This study used a “revised” version of the physical and neurological portions of the Ballard assessment. 
 
An empty cell indicates that the data was not available for that paper. Abbreviations: NS= not stated, GA= gestational age, SD= standard deviation, LOA= limits of agreement, LL=lower limit, UL=upper limit, CI= confidence 
interval, PPV= positive predictive value, NPV=negative predictive value, AGA= average-for-gestational-age, SGA=small-for-gestational-age 
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Table 5. Pooled Data for Agreement and Validity of Neonatal Clinical Assessments 
 
 
 
Abbreviations: US/BOE= ultrasound or best obstetric estimate; LMP= last menstrual period; CI= confidence interval 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  AGREEMENT  VALIDITY 
   
Mean Difference  % within 1 week % within 2 weeks Sensitivity Specificity  
Assessment 
Type 
# of studies 
identified 
Reference 
Standard 
N Pooled Difference 
Pooled 
Std. 
Dev.  
N 
Pooled % (95% 
CIs) 
N 
Pooled % (95% 
CIs) 
N 
Pooled Sensitivity 
(%) (95% CIs) 
Pooled Specificity 
(%) (95% CIs) 
Dubowitz 
9 US/BOE 7 0.02 (-0.51, 0.55) 1.27 3 48.1 (23.4, 73.8) 3 74.5 (40.4, 92.7) 1 61 99 
20 LMP 6 0.65 (0.01, 1.30) 1.45 4 56.5 (33.7, 76.8) 6 87.1 (69.8, 95.2) 1 81.5 98.6 
Ballard 
14 US/BOE 9 0.40 (0.00, 0.81) 1.90 3 33.5 (22.3, 46.8) 5 72.0 (53.1, 85.3) 4 64.1 (60.8, 67.4) 95.1 (94.5, 95.7) 
18 LMP 5 1.25 (0.64, 1.87) 2.10 3 43.9 (23.9, 66.1) 9 75.4 (70.3, 79.8) 2 84.1 (81.6, 86.3) 83.5 (79.5, 87.0) 
Parkin 3 US/BOE 3 -0.17 (-0.26, -0.08) 1.97 0 
 
0 
    
Eregie 2 LMP 1 
  
0 
 
2 93.4 (91.3, 95.1) 
   
Capurro 4 US/BOE 2 0.11 (-0.02, 0.23) 1.96 2 40.1 (34.7, 45.8) 3 79.2 (65.3, 88.6) 3 42.7 (35.6, 50.0) 96.7 (95.7, 97.5) 
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Table 6. Correlation of Anterior Vascular Capsule of the Lens (AVCL) with Gestational Age 
Author Year 
Study Setting 
(hospital, 
district/country) Population  
Sample 
Size (N) 
Reference 
Standard 
Time of 
assessment after 
birth 
Correlation 
coefficient (R) 
with reference 
gestational age 
Gestational Age 
A) Range, or B) Mean (standard deviation) [N] 
Gradea 0 Grade 1 Grade 2 Grade 3  Grade 4 
Finnstrom53 1972 
University Hospital, 
Umea, Sweden All GA 174 LMP 
From birth up to 60 
hours 0.45b           
Hittner62  1977 
Jefferson Davis 
Hospital, Houston, USA Preterm (27-34wks) 100 LMP & Dubowitz Within 30 h -0.88           
      
Sub-population: 
Preterm SGA 12 LMP & Dubowitz  Within 30 h -0.91           
Guillory96 1980 
Hospital, Houston, 
TX Preterm 43 LMP & Dubowitz 
“Soon after birth” -0.88 
    
  
24 h after birth -0.86       
Hittner64 1981 
Tertiary Care Facility, 
Houston, USA "Preterm SGA" 33 Dubowitz Within 24 h -0.77   
A) >33wks 
[n=24c] 
A)31-34wks 
[n=7] 
A) 33 wks 
[n=1] 
A) 28 wks; 
[n=1] 
Krishnamohan97 1982 
NICU, University of 
Connecticut Hospital & 
Hartford Hospital, 
Connecticut, USA 
Preterm (28-32 
wks) 30 
Ballard, within 2 
weeks of LMP Within 24 h -0.94           
Narayanan54 1982 
Kalawati Saran 
Children's Hospital, 
New Dehli, India 
All newborns; all 
gestational ages 356 
LMP, or OB 
estimate if 
available Within 48 h -0.64           
      
Sub-population: 
<35 wks GA 184 Same as above  Within 48 h -0.96           
Sasivimolkul63 1986 
Ramithibodi Hospital, 
Bangkok, Thailand 
Low birth weight 
(LBW) 80 Ballard & LMP 24-48 h -0.839 
B) 36.3 
(1.86) 
[n=43] 
B) 34.0 
(2.1) 
[n=13] 
B) 32.4 
(1.4) [n=12] 
B) 29.9 (0.4); 
[n=7] 
B) 27.8 (0.8)  
[n=5] 
      
Sub-population: 
LBW >34 wks 40 Ballard & LMP  24-48 h -0.88           
Skapinker67 1987 
Johannesburg Hospital, 
Johannesburg, South 
Africa Preterm <35 wks 58 Ballard Within 36 h -0.84           
Sanders33 1991 
NICU, Johns Hopkins 
Hospital, Baltimore, 
Maryland, USA 
Preterm AND 
Birthweight <1500g 89 
BOE (US was 
available for 
92% of women) Within 72 h 
 
B) 32.4 B) 30.4 B) 29.8 B) 28.7 B) 26.7 
Baumann42  
(translated) 1993 
University Clinic- Bern, 
Bern, Switzerland <34 wks AGA 60 US NS 
-0.92 ± 0.04 (CI: 
0.81-0.97)           
      <34 wks SGA 29 US NS 
-0.68 ± 0.09 (CI: 
0.49-0.82)           
aThe AVCL grading system is as described in Hittner et al, 197762 
bFinnstrom used the Harnack and Oster (1958) grading system, a classification system with grades 1-3, in which 1=most vascularity and 3= no vascularity. Therefore, the correlation between disappearance of the AVCL 
and increasing GA is noted as positive under this classification system, but would be negative by the Hittner grading system. 
cN=24 for both Grades 1 & 0 combined; the GA range stated (> 33wks) comprises infants that scored either a 1 or 0. 
 
An empty cell indicates that the data was not available for that paper. Abbreviations: NS= not stated, CI= confidence interval, LMP= last menstrual period, OB estimate= obstetric estimate, BOE= best obstetric estimate, 
US= ultrasound 
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